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Description 
[METHOD OF FABRICATING A CONTACT] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92132107, filed November 17, 2003. 
Background of Invention 

[0002] Field of the Invention. 

[0003] The present invention relates to a method of fabricating a 
semiconductor device. More particularly, the present in- 
vention relates to a method of fabricating a contact. 

[0004] Description of the Related Art 

[0005] In semiconductor manufacturing, photolithographic and 
etching processes are often used to pattern out contacts. 
As the level of integration continues to increase, the criti- 
cal dimensions of each device is reduced. In other words, 
using photolithographic and etching processes to pattern 
out very small contacts is increasingly difficult. 

[0006] On the other hand, very small contacts are required in 



some applications. For example, micro contacts are fabri- 
cated inside a chalcogenide memory unit. 

[0007] Chalcogenide memory is a type of non-volatile memory. 
Chalcogenide is a special type of material that undergoes 
a phase change (a transition from an amorphous state to a 
crystalline state) when subjected to heat so that data can 
be written into or erased from the memory unit. In a 
chalcogenide memory unit, the area of contact between 
the chalcogenide material and the electrode is called a 
chalcogenide active region. The active region is located 
within a contact opening so that the dimension of the ac- 
tive region is the size of the contact opening. When a cur- 
rent pulse passes through the active region, a phase 
change of the chalcogenide material inside the active re- 
gion occurs. In general, current density of the current 
pulse is related to the area of the active region. When the 
contact opening is small, the active region is small and 
hence a large current density is produced. If the current 
density is large, the current required to program data into 
the chalcogenide memory unit is small. 

[0008] Thus, with an increasing level of integration and the im- 
portance of forming micro contacts in the aforementioned 
area, several methods for fabricating micro contacts have 



been developed. 

[0009] One method of fabricating a micro contact has been dis- 
closed in U.S. Patent No. 6,111,264. In this method, spac- 
ers are formed inside a contact opening to reduce an 
overall dimension of the contact. However, the spacers are 
formed in photolithograhic and etching processes. Due to 
the limitation of the photolithograhic and etching pro- 
cesses in the patterning of micro features, a spacer with 
an uniform thickness is hard to produce and the ultimate 
reduction of the contact size is quite limited. 

[0010] Another method of fabricating a micro contact has been 
disclosed in U.S. Patent No. 6,031,287. In this method, a 
hard mask layer with small openings is formed to serve as 
an etching mask to form the micro contact opening. Be- 
cause the process of forming the hard mask layer still re- 
lies on the formation of spacers to reduce the size of 
openings, problems similar to the aforementioned disclo- 
sure still exist. 

[001 1] Yet another method of fabricating a micro contact has 
been disclosed in U.S. Patent No. 6,114,713. In this 
method, a photoresist layer is formed over the areas pre- 
defined to form contacts. Thereafter, the photoresist layer 
is used as an etching mask to perform an isotropic etch- 



ing operation so that a micro contact is formed under- 
neath the photoresist layer. However, the size of the con- 
tacts obtained through this method tend to be non- 
uniformed due to considerable difficulties in controlling 
the etching operation. 
[0012] Although the aforementioned methods can reduce the av- 
erage size of contacts, each method has some limitations. 
Therefore, a method for forming micro contacts with as 
little setbacks as possible is still a major area of investiga- 
tion in semiconductor production. 
Summary of Invention 

[0013] Accordingly, at least one object of the present invention is 
to provide a method for fabricating a contact that can 
eliminate process limitations resulting from the perfor- 
mance of photolithographic and etching processes to 
form a contact. 

[0014] Jo achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides a method 
for fabricating a contact. First, a substrate is provided. A 
patterned first material layer is formed over the substrate. 
The first material layer is a conductive material. There- 
after, a treatment operation is performed to transform a 



portion of the first material layer into a second material 
layer. The second material layer is located on sidewall 
sections and a top section of the first material layer. Fur- 
thermore, the second material layer has an insulating 
property. A dielectric layer is formed over the second ma- 
terial layer and the substrate. Finally, a portion of the di- 
electric layer and the second material layer are removed to 
expose the first material layer. 
[0015] This invention also provides an alternative method for 

fabricating a contact. First, a substrate is provided. A first 
material layer is formed over the substrate, wherein the 
first material layer includes a conductive material or a 
nonconductive material. Thereafter, a treatment operation 
is performed to transform a portion of the first material 
layer into a second material layer. The second material 
layer is located on sidewall sections and a top section of 
the first material layer. The second material layer has 
properties that differ from the first material layer includ- 
ing an insulating property. A dielectric layer is formed 
over the second material layer and the substrate. A por- 
tion of the dielectric layer and the second material layer is 
removed to expose the first material layer. If the first ma- 
terial layer is a nonconductive material, the method fur- 



ther includes removing the first conductive material layer 
to form a contact opening. Finally, a conductive material is 
deposited to fill the contact opening thereby forming a 
contact. 

[0016] In the aforementioned methods, the first material layer is 
treated so that the top and the sidewall of the first mate- 
rial layer is transformed into the second material layer. 
This transformation reduces the size of the first material 
layer reserved for forming the contact so that a contact 
with diminished dimension is produced. Furthermore, us- 
ing a transformation treatment eliminates the limitations 
associated with forming a contact through an etching pro- 
cess. 

[0017] If the aforementioned treatment operation is an oxidation 
process, the oxidation rate decreases when thickness of 
the oxide layer increases. Hence, the transformation 
treatment not only reduces the size of the contact, but 
also provides a means of controlling the extent of contact 
size reduction by setting the processing duration and oxi- 
dation rate. 

[0018] This invention also provides a third method for fabricating 
a contact. First, a substrate having at least one linear 
stack structure thereon is provided. The linear stack 



structure comprises a bottom conductive layer and a top 
first material layer. The first material layer is a conductive 
layer. Thereafter, a first dielectric layer is formed over the 
substrate such that a top section of the linear stack struc- 
ture is exposed. At least one linear conductive layer is 
formed over the linear stack structure. The linear conduc- 
tive layer is aligned in a direction perpendicular to the lin- 
ear stack structure. The first material layer not covered by 
the linear conductive layer is removed to expose the con- 
ductive layer. A treatment operation is performed to 
transform a portion of the first material layer into a sec- 
ond material layer. The second material layer is located on 
sidewall sections of the first material layer. Furthermore, 
the second material layer has an insulating property. 
[0019] This invention also provides a fourth method for fabricat- 
ing a contact. First, a substrate having at least one linear 
stack structure thereon is provided. The linear stack 
structure comprises a bottom conductive layer and a top 
first material layer. A first dielectric layer is formed over 
the substrate. The first dielectric layer exposes the top 
section of the linear stack structure. Thereafter, at least 
one linear sacrificial layer is formed over the linear stack 
structure. The linear sacrificial layer is aligned in a direc- 



tion perpendicular to the linear stack structure. The first 
material layer not covered by the linear sacrificial layer is 
removed to expose the conductive layer. A treatment op- 
eration is performed to transform a portion of the first 
material layer into a second material layer. The second 
material layer is located on sidewall sections of the first 
material layer. The second material layer has material 
properties that differ from the first material layer. The 
second material layer has an insulating property. After re- 
moving the linear sacrificial layer, a second dielectric layer 
is formed over the substrate to cover the conductive layer 
and expose the top sections of the first material layer and 
the second material layer. This method further includes 
removing the first material layer to form a plurality of 
contact openings. Finally, a conductive material is de- 
posited to fill the contact openings. 
[0020] In the third and the fourth methods, the linear sacrificial 
layers serve as a self-aligned mask that retains the first 
material layer for forming the contact. Hence, the dimen- 
sion of the contact is determined by the size of the linear 
sacrificial layer. In a subsequent step, a treatment of the 
first material layer is performed to reduce overall dimen- 
sion of the first material layer. Ultimately, a contact with 



micro dimension is produced. Since a treatment operation 
is utilized, all the limitations associated with an etching 
process for forming a micro contact are avoided. 

[0021] Moreover, each contact in the array of contacts fabricated 
using the aforementioned methods can have a high de- 
gree of uniformity. Furthermore, the amount of reduction 
from an original contact dimension can be controlled 
through a proper setting of various treatment parameters. 

[0022] It is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0023] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0024] Figs. lA through ID are schematic cross-sectional views 
showing the progression of steps for fabricating a contact 
according to a first preferred embodiment of this inven- 
tion. 



[0025] Figs. 2A through 2D are schematic top views showing the 
progression of steps for fabricating a contact according to 
a second preferred embodiment of this invention. 

[0026] Figs. 3A through 3D are schematic cross-sectional view 
along line 1-1' of Figs. 2A through 2D showing the pro- 
gression of steps for fabricating a contact according to 
the second preferred embodiment of this invention. 

[0027] Figs. 4A through 4D are schematic cross-sectional view 
along line 11-11' of Figs. 2A through 2D showing the pro- 
gression of steps for fabricating a contact according to 

the second preferred embodiment of this invention. 
Detailed Description 

[0028] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0029] Figs. lA through ID are schematic cross-sectional views 
showing the progression of steps for fabricating a contact 
according to a first preferred embodiment of this inven- 
tion. As shown in Fig. lA, a substrate 100 having a plural- 
ity of devices (not shown) thereon is provided. The devices 



on the substrate 100 include diodes or MOS transistors, 
for example. In this embodiment, the substrate 100 also 
has a conductive layer 102 already formed thereon. The 
conductive layer 102 is fabricated using a metallic or con- 
ductive material, for example. In this embodiment, the 
conductive layer 102 is a metallic layer such as a tungsten 
layer. In an alternative embodiment of this invention, the 
conductive layer 102 is the lower electrode of a memory 
device, for example. Thereafter, a patterned material layer 
104 is formed over the conductive layer 102. The material 
layer 104 is fabricated using, for example, a conductive or 
a non-conductive material having the capacity to be 
transformed into an insulating material in a subsequent 
treatment process. In one embodiment, the material layer 
104 is fabricated using either a metallic, silicon or high 
molecular weight material. If a metallic material is used to 
fabricate the material layer 104, the metallic material is 
preferably aluminum or copper. 
[0030] As shown in Fig. IB, a treatment process is performed to 
transform a portion of the material layer 104 into another 
material layer 106. The material layer 106 is formed on 
sidewall sections and a top section of the material layer 
104. The material layers 104 and 106 have different 



properties. In fact, the material layer 106 has an insulat- 
ing property that has little effect on subsequent pro- 
cesses. The treatment process includes a chemical reac- 
tion in which the speed of the reaction is limited by a dif- 
fusion mechanism. The treatment process includes an ox- 
idation process, a nitridation process, hydrogenation pro- 
cess or fluoridation process, for example. A reaction gas 
for the oxidation process includes, for example, an oxy- 
gen gas, an ozone gas or an oxygen gas/water. Mean- 
while, a reaction gas for the nitridation process includes, 
for example, nitric oxide, nitrous oxide or ammonia, while 
a reaction gas for the hydrogenation process is a hydro- 
gen gas. 

[0031] In one embodiment of this invention, the material layer 
104 is aluminum, for example. Furthermore, a portion of 
the metallic aluminum is transformed into insulating alu- 
minum oxide (the material layer 106) through an oxida- 
tion process. The oxidation process proceeds from the 
surface of the aluminum material layer 104. In general, 
the thicker the aluminum oxide layer 106 the slower will 
be the rate of oxidation so that the transformation of alu- 
minum to aluminum oxide material slows down with an 
increase in the thickness of the aluminum oxide layer 106. 



Thus, thickness of the final aluminum oxide layer 106 is 
easy to control and self-limiting effect is also attained. In 
other words, the method in this invention not only re- 
duces the dimension of the contacts, but also permits an 
accurate degree of reduction by controlling the duration 
and speed of the treatment operation. 
[0032] Thereafter, as shown in Fig. IB, a dielectric layer 108 is 

formed over the material layer 106 and the substrate 100. 
The dielectric layer 108 is a silicon oxide layer formed, for 
example, by performing a chemical vapor deposition 
(CVD). 

[0033] As shown in Fig. IC, the dielectric layer 108 and the ma- 
terial layer 106 on the top section of the material layer 
104 are removed to expose the material layer 104 and 
form a material layer 106a and a dielectric layer 108a. The 
dielectric layer 108 and the material layer 106 are re- 
moved, for example, by performing a chemical-me- 
chanical polishing (CMP) operation. Thereafter, the mate- 
rial layer 104 is removed to form a contact opening 107. 
The material layer 104 is removed, for example, by per- 
forming a wet etching process using an etchant with a dif- 
ferent etching selectivity between the material layer 104 
and the material layer 106a. 



[0034] As shown in Fig. ID, a conductive material is deposited 
into the contact opening 107 to form a contact 110. The 
conductive material can be tungsten or polysilicon, for 
example. 

[0035] Subsequent fabrication processes includes forming a con- 
ductive layer 112 over the dielectric layer 108a such that 
the conductive layer 112 and the contact 110 are electri- 
cally connected (as shown in Fig. ID). In another embodi- 
ment, the conductive layer 112 can be the upper electrode 
of a memory device, for example. 

[0036] In another preferred embodiment, if the material layer 

104 is fabricated using a conductive material, the material 
layer 104 may be chosen to become a contact. In other 
words, there is no need to remove the material layer 104 
before forming the conductive layer 112. 

[0037] In the aforementioned method, the material layer 104 is 
treated so that the top and the sidewall of the material 
layer 104 is transformed into the material layer 106. This 
transformation reduces the size of the material layer 104 
reserved for forming the contact so that a contact with di- 
minished dimension is produced. Furthermore, using a 
transformation treatment eliminates the limitations asso- 
ciated with forming a contact through an etching process. 



[0038] If the aforementioned treatment operation is an oxidation 
process, the oxidation rate decreases when the thickness 
of the oxide layer increases. Hence, the transformation 
treatment not only reduces the size of the contact, but 
also provides a means of controlling the extent of contact 
size reduction by setting the processing duration and oxi- 
dation rate. In other words, the amount of reduction from 
an original contact dimension can be controlled through a 
proper setting of various treatment parameters. 

[0039] Figs. 2A through 2D are schematic top views showing the 
progression of steps for fabricating a contact according to 
a second preferred embodiment of this invention. Figs. 3A 
through 3D are schematic cross-sectional view along line 
l-l" of Figs. 2A through 2D showing the progression of 
steps for fabricating a contact according to the second 
preferred embodiment of this invention. Figs. 4A through 
4D are schematic cross-sectional view along line ll-H" of 
Figs. 2A through 2D showing the progression of steps for 
fabricating a contact according to the second preferred 
embodiment of this invention. As shown in Figs. 2A, 3A 
and 4A, a substrate 200 having a plurality of devices (not 
shown) thereon is provided. The devices on the substrate 
200 are diodes or MOS transistor, for example. Further- 



more, the substrate 200 has a plurality of linear stack 
structures 203 thereon. Each linear stack structure 203 
comprises a bottom conductive layer 202 and a top mate- 
rial layer 204. The material layer 204 is fabricated using a 
conductive material or a non-conductive material. Since 
the properties of the material layer 204 are identical to 
the material layer 104 in the first embodiment of this in- 
vention, detailed description is not repeated here. In an- 
other embodiment of this invention, the material layer 
204 can be the bottom electrode of a memory device, for 
example. 

[0040] Thereafter, as shown in Figs. 2A, 3A and 4A, a dielectric 
layer 208 is formed over the substrate 200 such that the 
dielectric layer 208 exposes all top sections of the linear 
stack structures 203. The dielectric layer 208 is formed, 
for example, by depositing a silicon oxide material over 
the linear stack structures 203 in a chemical vapor depo- 
sition process and planarizing the silicon oxide dielectric 
layer to expose the top sections of the linear stack struc- 
tures 203. The dielectric layer 208 is planarized, for ex- 
ample, by performing a chemical-mechanical polishing 
operation or an etching back operation. 

[0041] As shown in Figs. 2B, 3B and 4B, a plurality of linear sacri- 



ficial layers 205 is formed over the linear stack structures 
203. The linear sacrificial layers 205 are oriented in a di- 
rection perpendicular to the linear stack structures 203. 
The linear sacrificial layers is fabricated using a material 
having different etching properties from the linear stack 
structures 203 or the dielectric layer 208. To form the lin- 
ear sacrificial layers 205, a sacrificial material layer (not 
shown) is formed over the substrate 200 to cover the di- 
electric layer 208 and the linear stack structures 203 and 
then photolithographic and etching processes are per- 
formed. Thereafter, the material layer 204 not covered by 
the linear sacrificial layers 205 is removed to expose the 
conductive layer 202. The exposed material layer 204 is 
removed using the linear sacrificial layers 205 as self- 
aligned masks in an etching operation. Consequently, a 
portion of the material layer 204 at the overlapping area 
between the linear sacrificial layer 205 and the conductive 
layer 202 is retained as a material layer 204a. The re- 
tained material layer 204a has a dimension exactly the 
size of the would-be contact. 
[0042] Note that the linear sacrificial layers 205 serve as self- 
aligned masks to retain the material layer 204a for form- 
ing the contact subsequently. In other words, dimension 



of the material layer 204a (the contact size) can be con- 
trolled through the linear sacrificial layers 205. 

[0043] As shown in Figs. 2C, 3C and 4C, a treatment operation is 
performed to transform a portion of the material layer 
204a into another material layer 206. The material layer 
206 is located on the sidewalls of the material layer 204a. 
Furthermore, the material layers 204a and 206 have dif- 
ferent physical properties. The transformed material layer 
206 is an insulator and none of its properties has any ad- 
verse effects on subsequent fabrication processes. Since 
the transformation treatment is identical to the first em- 
bodiment, detailed description of the material layer 206 is 
omitted. Thereafter, the linear sacrificial layers 205 are 
removed to expose the top sections of the material layer 
204a and the material layer 206. 

[0044] As shown in Figs. 2D, 3D and 4D, a dielectric layer 210 is 
formed over the substrate 200 to cover the conductive 
layer 202 and expose the top sections of the material 
layer 204a and the material layer 206. The dielectric layer 
210 is formed, for example, by depositing silicon oxide 
over the top sections of the material layers 204a and 206 
and the conductive layer 202 in a chemical vapor deposi- 
tion process and planarizing the silicon oxide dielectric 



layer to expose the top sections of the material layers 
204a and 206. The dielectric layer 210 is planarized, for 
example, by performing a chemical-mechanical polishing 
operation or an etching back operation. Thereafter, the 
material layer 204a is removed to form a plurality of con- 
tact openings 207. The material layer 204a is removed, 
for example, by performing a wet etching process. After 
forming the contact openings 207, a conductive material 
is deposited into the contact openings 207 to form an ar- 
ray of contacts 212. The conductive material deposited 
into the contact openings 207 includes tungsten or 
polysilicon, for example. 
[0045] Subsequent to the above treatment process, the contact 
fabrication process as shown in Figures 2C and 2D can 
further include the following process step. A dielectric 
layer 210 is formed over the substrate 200 to cover the 
linear sacrificial layer 205. Further, the dielectric layer 210 
exposes the liner sacrificial layer 205. Thereafter, the lin- 
ear sacrificial layer 205 is removed to expose the top sec- 
tions of the material layer 204a and the material layer 
206. 

[0046] Subsequent fabrication processes includes forming a con- 
ductive layer 214 over the dielectric layers 210 and 208 



such that the conductive layer 214 and the contact 212 
are electrically connected (as shown in Figs. 2D, 3D and 
4D). In another embodiment, the conductive layer 214 can 
be the upper electrode of a memory device, for example. 

[0047] In another embodiment, if the material layer 204a is fabri- 
cated from a conductive material and the linear sacrificial 
layer 205 is fabricated from a thermal conductive mate- 
rial, the material layers 204a can serve as contacts and the 
linear sacrificial layers 205 can serve as conductive layers 
by selection. In this case, the fabrication process finishes 
after performing the steps as shown in Fig. 2C. In other 
words, there is no need to remove the linear sacrificial 
layers 205 and for the processes thereafter. 

[0048] In another embodiment, if the material layer 204a is fabri- 
cated from a non-conductive material, the linear sacrificial 
layers 205 must be removed. Furthermore, after removing 
the material layer 204a, conductive material must be de- 
posited into the contact opening 207. The conductive ma- 
terial includes tungsten or polysilicon, for example. 

[0049] In yet another embodiment, if the material layer 204a is 
fabricated from a conductive material but the ultimately 
required conductive layer 214 is fabricated from a non- 
refractory conductive material (for example, chaico- 



genide), the linear sacrificial layer 205 must be removed. 
In a subsequent step, the material layers 204a can serve 
as contacts by selection and the conductive layer 214 is 
formed directly on the material layers 204a. In other 
words, there is no need to remove the material layer 204a 
before forming the conductive layer 214. 

[0050] In yet another embodiment, if the degree of conductivity 
of the material layer 204a is not being considered, the ul- 
timate required conductive layer 214 is fabricated from a 
n on- refractory conductive material (for example, chalco- 
genide), the linear sacrificial layers 205 must be removed. 
In a subsequent step, the material layer 204a is removed, 
followed by filling the contact with the conductive layer 
214. In other words, after removing the material layer 
204a, the conductive layer 214 is formed. 

[0051] In this invention, the linear sacrificial layers 205 serve as 
self-aligned masks to retain the material layer 204a for 
forming the contacts. Hence, the dimension of the contact 
can be determined by the size of the linear sacrificial lay- 
ers. Furthermore, the material layer 204a is processed in a 
subsequent step that can provide a self-limiting effect to 
reduce the dimension of the material layer 204a so that a 
micro contact is obtained. Hence, using a transformation 



treatment eliminates tlie limitations associated with form- 
ing a contact through an etching process. 

[0052] For example, if the linear sacrificial layer 205 has a width 
of about 0.18|jm, the retained material layer 204a after 
etching has a dimension of about O.lSnm. Thereafter, in 
the oxidation process to transform a portion of the mate- 
rial layer 204a on the sidewalls into a material layer 206, 
the material layer 206 has a thickness of about O.OSjjm. 
Ultimately, the dimension of the material layer 204a is re- 
duced to O.OS^m, a reduction of 55.6%. 

[0053] Moreover, each contact in the array of contacts fabricated 
using the aforementioned methods can have a high de- 
gree of uniformity. Furthermore, the amount of reduction 
from an original contact dimension can be controlled 
through a proper setting of various treatment parameters. 

[0054] The aforementioned method for fabricating a contact can 
also be applied to form a chalcogenide memory unit. The 
chalcogenide memory unit has a bottom electrode fabri- 
cated from a conductive layer (102 or 202) and a top elec- 
trode fabricated from another conductive layer (112 or 
214). The chalcogenide material layer sandwiched be- 
tween the top and the bottom electrode is electrically 
connected to the bottom electrode via a contact (107 or 



207). 

[0055] It will be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



